Scholarship utilizing the Generative Justice framework has focused primarily on qualitative data collection and analysis for its insights. This paper introduces a quantitative data measurement, contributory diversity, which can be used to enhance the analysis of ethical dimensions of value production under the Generative Justice lens. It is well known that the identity of contributors-gender, ethnicity, and other categories-is a key issue for social justice in general. Using the example of Open Source Software communities, we note that that typical diversity measures, focusing exclusively on workforce demographics, can fail to fully illuminate issues in value generation. Using Shannon's entropy measure, we offer an alternative metric which combines the traditional assessment of demographics with a measure 
Introduction
Generative Justice seeks to replace the extraction of value, alienated from its generators, with the circulation of value in its unalienated form. It aptly describes, for example, the ways that composting circulates ecological value, worker-owned cooperatives circulate labor value, and online collectives like Wikipedia circulate expressive value. All three are cases in which there is some protection against value extraction by elites from above. But what about injustice from below? How do we know that a bottom-up, collective group has an egalitarian distribution of labor and resources? What might such a measurement look like? Work in the area of Generative Justice has focused primarily on qualitative data; perhaps we are missing out on insights that could be gained if some sort of quantitative data can be produced regarding its internal ethics.
In this paper, we introduce a first attempt at devising what could be quantitative metrics for studying Generative Justice. While we hope this metric is useful, a broader goal is to demonstrate that Generative Justice is something that can in fact be analyzed through quantitative data; that quantitative data can contribute understandings that may not be attainable through solely qualitative methods, and that quantitative metrics can have broad applicability throughout the spectrum of communities studied with a Generative Justice lens.
Our measure for this article focuses on a real-world problem: assessment of the diversity of a community that is circulating unalienated value. We have chosen to use the case of Open Source Software (OSS) to apply these metrics: both for OSS's frequent use in the Generative Justice literature, and because diversity is a currently a hot button topic within OSS communities.
In 2010 the GK-12 program at the National Science Foundation provided our Rensselaer Polytechnic Institute with a 5-year grant, The Triple Helix, which involved the development of a suite of OSS programs for use in K-12 education and community development (Babbitt et al., 2011; Eglash et al., 2013; Lachney et al., 2016) . This allowed us to obtain data in which we could link race and gender identity of each contributor to the code they created. The purpose of this case study was not to test the metric against some independent variable; but merely to explore the process by which the metric could be constructed with real-world data.
Below, we briefly review the definitions of Generative Justice and Open Source Software.
We then discuss how diversity is currently measured in OSS projects, and its potential pitfalls. We contrast this with an examination of metrics measuring value generation. Combining the two, we introduce the concept of contributory diversity. We suggest that this new metric enhances our ability to gain a deeper understanding of how diversity is enacted through the production of value in OSS groups specifically, and that it could potentially be applied to any generative justice system in general.
Generative justice
Generative Justice describes an economic framework focused on the bottom-up circulation of unalienated value. The framework is conceived as "orthogonal" to the right/left spectrum of capitalism vs socialism, in that the top-down alienation of value can occur in either regime (extracted to private ownership under capitalism or extracted to state ownership under socialism). Conversely, either system can change to value circulation: it is just as easy to use composted waste, Open Source Software or commons-based media in private institutions as it is in those owned by the state. For the sake of clarity in understanding how we use and understand the term "Generative Justice," we quote its definition:
The universal right to generate unalienated value and directly participate in its benefits; the rights of value generators to create their own conditions of production; and the rights of communities of value generation to nurture self-sustaining paths for its circulation" (Eglash, 2016) .
Previous scholarship using the Generative Justice lens includes the Maker Movement (Eglash & Foster, 2014) , traditional Japanese wilderness/farm borders (Garvey & Eglash, 2015) , STEM education in urban farms (Lyles, 2016) , OSS and technical governance (Eglash & Banks, 2014) , and children's health education (Bennett et al., 2015) . Each of these studies offer cases in which understandings of generative networks involves tracking value flow. But they are all restricted to qualitative, rather than quantitative, data collection and analysis.
Generative Justice, we believe, will be enhanced by introducing quantitative metrics that can operate alongside the proliferation of qualitative work. There are two primary pieces to most computer programs: the source code, which represents the program in a human-readable way, and the binary, which is the machine-understood 1's and 0's which comprise the "executable" you run when using an application like Microsoft Word. A good analogy is sheet music: it can be read by artists, and modified by other artists, but once converted into sound it has already been "executed" to produce the useful embodiment so pleasant to our ears. Source code is the sheet music, binaries are the sounds.
Open Source Software is source code which is openly accessible. It is generally accepted that for software to be OSS, it has to meet four requirements: free to use, free to study, free to share, and free to change and share those changes (Free Software Foundation, n.d.) . The last requirement is what really makes OSS an excellent example of Generative Justice: musicians can copyright their sheet music, but if they put it in the public domain then others would be free to modify it, reuse bits in other compositions, etc. Indeed, OSS has been so successful that musicians, architects, inventors, designers and other groups have adopted the OSS sharing model for other types of works. Notable in this effort is the Creative Commons (Lessig, 2006) which has much in common with OSS and would serve as another example of Generative Justice. Our metric for examining the diversity of contributions to a software commons would therefore be easily adaptable to these other types of commons-based peer production.
While OSS must be legally available for modification by third parties (rather than just the initial developers), it does not have to be technically easy to modify in order to meet the definition. Much like sheet music, some takes a higher level of knowledge and aptitude to rewrite than others. Without this knowledge, it does not matter whether or not the program is legally OSS, since it is effectively closed source to the person who cannot understand it. In such cases it could be said that the projects are "OSS in name only," that is, they are not easily modified by others, and ultimately do not allow for the benefits of Generative Justice to cycle through the system.
In example of projects that may be OSS in name only are applications (apps) Examples, 2016) . Second, even if a user beat the odds and found one, the App Store does not link the app to its source code, so in order to benefit from the OSS status she would have to search the web to find the app on a separate site that does offer that link.
Although Open Source code is free, modifying that code for use on the Apple OS is not: you have to obtain a proprietary development environment from Apple. Finally, Apple does not permit you to freely transfer apps you create to more than 5 additional machines: after that you have to go through Apple's vetting process and offer it from their store (even if it's free).
As best there is a considerable delay during the review process, and ultimately the ability for any of these modified apps to be added back to the App Store is not certain.
In other words, some OSS projects better match the egalitarian ideals of Generative Justice than others. Metrics which can help guide us towards Generative Justice will be sensitive to exclusionary practices, and help identify those systems in which participation in the creation and benefits of value creation and circulation are spread as broadly and democratically as possible.
Diversity issues in OSS
Doing tech in the 21 st Century requires more than just a computer and a desire to learn. As we come to rely increasingly on distributed networks of loosely affiliated programmers making software together-the organizational method of OSS-questions about what it means to be a part of these networks, who can be a part of these networks, and the ability to accurately measure and portray their demographics are increasingly tied to issues of social justice.
Despite the history of computing as primarily white and male (Levy, 1984) , women and underserved ethnic groups are now striving for equity. However, current methods for understanding the workings of computer programmers engaged in producing OSS have left out many of the human questions of technical production. Qualitative approaches such as ethnography, though excellent for interpreting and understanding much of the interpersonal dynamics in these large and complex systems, could be improved if they were complimented by quantitative metrics using demographic data. Even when academics do pursue the inner workings of particular OSS networks, they can miss such important factors as diversity: a perusal of Gabriella Coleman's (2013) account of the world's largest OSS project, contains in its index neither a category for "diversity", nor "gender", nor "race", nor "women." "Debian, female representation in" (Debian being the name of the OSS project Coleman studied) received four total pages, spread throughout the book. It seems necessary, then, that we ought to begin to give attention to quantitative methods for diversity metrics, if we are in fact desiring to make assessments regarding diversity within OSS.
The ability to easily obtain a grasp of the diversity within OSS, to say nothing to the tech industry at large, has had its share of difficulties. Indeed, this was the observation by one of the authors, who in a previous study realized that he could only at best perform a very weak approximation of diversity of the OSS project he was studying, via speaker lists from the community's public conferences (Callahan, 2016) . Fortunately, even with these difficulties, there has been academic work into uncovering these insights. In one study, a pair of surveys Some of the change is due to collaborations between the computing community and social justice efforts. Several underserved-only OSS groups have formed in the last several years: perhaps most notably Outreachy 1 and PyLadies, the latter of which has helped the Python OSS community increase their female speaker ratios and general attendance ratios at the Python OSS conference PyCon from approximately 11% to over 30% in just a few short years (Root, 2014) . Furthermore, those who are at the margins are beginning to self-organize independent of existing communities in order to gain enough power and momentum to fight for equity on their own terms. One such example is the collective of transgender women that have organized to fight for the normalcy of transgender hackers in OSS (Callahan and Lemmer, 2016) .
In addition to diversity as an embodiment of social justice, it also has utilitarian features:
there is a significant literature that shows positive correlations between diversity and innovation (for example: Dell'Era and Verganti, 2010; Florida and Gates, 2003; Gassmann, 2001 ; Van der Vegt and Janssen, 2003; Østergaard et al., 2009) . Additionally, the circulation of unalienated value of any system, not just those of OSS, depends on connectivity.
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Connectivity can be enhanced by diversity, a phenomenon which is evident for both human and non-human agents, as we see for example in marine ecosystems (Mora et al., 2016) .
How do we typically measure diversity?
Diversity as usually understood in the technical field is based on comparisons between the number of people in a given identity category in the workforce under investigation, and the percentage of that identity category in the general population. For example, if women are 50%
of the population, they should be 50% of the workforce.
Without negating the validity of this measurement, we offer four critiques suggesting that an alternative would also have merit. Figure 1 shows data from our case study, in which we see the percentage of participants in each ethnic group. But there is no information here on the activity of each individual: we don't know which participants took on which roles; if some dominated certain resources or tasks, and if others felt they needed to hold back. Second, even if we do pay attention to the demographics of particular roles, recent scholarship has questioned its relationship to social justice issues. Assereckova (2016) notes that Latvia is lauded for having women occupy 36% of the top business positions such as CEO. But the total number of CEOs is only a tiny percentage of the female workforce, and in Latvia women in the working class have a large gender wage gap. Here is a case where attention to production roles is masking inequality, not aiding in its exposure. Indeed, one could imagine someone with a fabricated title such "Senior Test Engineer in Charge of Software Configuration" doing nothing but writing configuration settings that later get replaced over and over again, and generally contributing nothing to the project. The Latvian case as well as the problem of false titles point to the necessity for quantitative metrics to be undergirded by an intersectional approach (Crenshaw, 1989 ) that takes into account how labor is extracted, alienated or represented.
A third issue is illustrated by the case of black medical students. In contrast to the debates over affirmative action, whose critics maintain that resources are wasted if efforts are helping to increase the diversity in highly competitive admissions such as medical school, the American Medical Student Association points out that encouraging diversity in the medical professions succeeds in producing doctors that go on to practice in low-income communities (AMSA n.d.).
The lack of medical access in these communities create a variety of social ills (poor school attendance, underemployment, etc.). In other words, the value generated and circulated in such cases is poorly tracked by merely focusing on job titles, income levels, or other typical demographic approaches to diversity.
Finally, there are concerns over gender bias in the acceptance of code in OSS. A recent article which uses GitHub pull requests as a measure of the diversity within an OSS project found that, while women are more likely than men to have their code contributions accepted into a project, that likelihood is only true so long as the gender of the woman is not known.
Once she has been identified as a woman, her code contributions are far less likely to be accepted and far more likely than a man's to be rejected (Terrel et al., 2016) .
In all four cases, the issue is in keeping track of both demographic diversity as usually conceived, and simultaneously tracking the value that is generated and circulated. Below we propose a metric which combines those two parameters. 
Contributory diversity: towards a new quantitative metric
To account for these issues, one could imagine measuring the contribution each person puts into a project. This does not have to translate directly to revenue-anything that contributes to the generation of value could be considered-and while it might be specific to the domain, it would still provide a useful tool to garner insights. In OSS the number of lines of code, number of pull requests, or other parameters reflecting the amount of contributions made to the software offer good representations for this value generation. Because our case study had contributions spanning across a broad array of software and hardware projects, we tracked blog posts from project participants as a stand-in for contributions to software development.
Literature on software development suggests that communications such as blog posts and email can be reliable indicators of code contributions (Pagano and Maalej, 2011; Valverde et al., 2006) . We chose the 3Helix program because this provided us with the gender and ethnicity for each person posting to the blog.
Recall that Figure 1 showed the number of project participants in each ethnic category. Finally, we can create an external contribution metric by normalizing the identity category percentages to society at large rather than just internally. This is shown in Figure 4 .
Now that we have a visualization for contributory diversity, we can develop a metric for it.
Here we use entropy. When entropy is maximized, distributions are as random as possible, We build upon previous attempts to measure diversity in other fields, for example biology and information theory. One of the most well-known metrics is Shannon Entropy (Shannon, 1948) . It is used in biology to measure diversity within an ecosystem, within information theory to quantify the number of bits in a given string of data, and we apply it here to diversity within a workforce.
An example of Shannon Entropy would be representing how difficult it is to predict the color of the next marble drawn from a bag. The probability of any color is equivalent to the prevalence of the color (i.e. the percentage of the population with that color). If four colors are equally distributed, then the entropy is at its maximum, because each one is equally probable. Shannon calculated the entropy by taking the base-2 log of the reciprocal of the probability:
So the entropy of the group as a whole-the average entropy per category-is the weighted sum of those values (that is, weighted by multiplying by that probability): In the case of 4 marble colors, the maximum diversity would be -4*(0.25*ln(0.25)) = 2. Moving from marbles to humans, is the probability that a given ethnicity would be selected at random (which is simply the percentage of that ethnicity in the population). For our dataset, these are the results:
• Shannon Index for population ethnicity: 0.9901331507 The last result, metric for percent of contributions by ethnic representation, is even lower because it is compounded by the other two results: the slightly disproportional population and the highly disproportional contributory diversity. This final result indicates that the contributions in the 3Helix project did not correlate to what we would expect in an ideal project. That is to say, the 3Helix project had low contributory diversity.
Conclusion: the future of quantitative analysis in generative justice
Quantitative measurements that can be used to study Generative Justice is an area of research that has heretofore gone without study. And certainly contributory diversity is not the only quantitative metric that can be devised for analysis with a Generative Justice framework. We hope that contributory diversity, besides being useful in its own right, will encourage others to produce quantitative metrics of their own. Shifting Generative Justice towards analytic efforts that incorporate both qualitative and quantitative data collection and analysis can only strengthen the framework and its insights. Contributory diversity brings the issues of value generation into conversation with the demographic measures that usually dominate such studies. The diversity of a particular workforce can be viewed through the lens of actual contributions, and not merely broad identity categories or job titles. Given the efforts to have industry meaningfully increase diversity in the tech sector, and the social justice issues which diversity can embody, a statistic that can help ensure that the members of this diverse workforce are equals in generating and circulating value, a core insight of the Generative Justice framework, becomes critically necessary.
In future work, we hope that a general interest in quantitative metrics for Generative
Justice could be applied to institutions, pathways, value chains and other aspects that reach beyond the level of individuals and toward a more comprehensive look at the activities of networks and groups that are engaged in this bottom-up, self-organized unalienated value flow.
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